Background: Peyronie's Disease (PD) is an acquired connective tissue disorder that often leads to penile curvature (PC) and sexual dysfunction. Penile lengthening procedures (PLP) with four-layered porcine small intestinal submucosa graft (Surgisis
INTRODUCTION
Peyronie's disease (PD) is an acquired connective tissue disorder characterized by the progressive fibrosis of tunica albuginea that leads to penile deformity on erection. The prevalence of PD varies from 2 (Kumar et al., 2006) to 8.9% (Mulhall et al., 2004) , and it usually manifests in the fifth decade of life. Comorbidities such as Dupuytren's contracture (Bjekic et al., 2006) , diabetes mellitus (Kendirci et al., 2007) , hypertension (Usta et al., 2004) , dyslipidemia (El-Sakka, 2006) , obesity (Kumar et al., 2006) , erectile dysfunction (ED) (El-Sakka, 2006) , and smoking (La Pera et al., 2001 ) may be associated with this disease, but the exact role of these conditions in PD pathophysiology is not clear. Despite the fact that the pathogenesis of PD is poorly understood, its origin seems to be related with recurrent microvascular trauma during sexual intercourse in genetically susceptible individuals (Gonzalez-Cadavid & Rajfer, 2005) . The penile deformity along with the often associated ED in patients with PD compromises their self-esteem and hinder satisfactory sexual intercourse, leading to depressive symptoms, sexual anxiety, and relationship difficulties (Rosen et al., 2008; Smith et al., 2008) .
Several non-surgical therapies have been attempted, but results have either been disappointing or erratic (Chung et al., 2016) . Surgery is the gold standard treatment of PD, being proposed to patients with stable disease and compromised sexual intercourse (Hatzimouratidis et al., 2012; Nehra et al., 2015) . However, surgical outcomes such as residual curvature, curvature recurrence, penile shortening, palpation of surgical knots, diminished penile sensibility, and development or aggravation of ED may arise limiting patient satisfaction with treatment (Knoll, 2007; Chung et al., 2011; Flores et al., 2011; Valente et al., 2017) .
Penile lengthening procedures (PLP), comprising plaque incision and subsequent closure with a graft, achieve penile straightening by recovering penile length. Although this procedure is the most appropriate for patients with severe PC, complex penile anatomy, or inadequate penile length (Hatzimouratidis et al., 2012; Nehra et al., 2015) , the risk of postoperative ED is higher than penile shortening procedure (Langston & Carson, 2011) .
Several grafts have been tried and tested. The four-layered porcine small intestinal submucosa (SIS) graft (Surgisis â ES;
Cook Biotech, West Lafayette, IN, USA) is an acellular extracellular matrix composed by type I collagen, fibronectin, glycosaminoglycans, proteoglycans, and growth factors, that is easy-to-use and rapidly becomes structural and functionally similar to original tunica albuginea (Hodde et al., 1996) . It has been demonstrated that the PLP with SIS graft has successful outcomes in the treatment of PD, particularly in short and medium term (Lee et al., 2008; Staerman et al., 2010; Valente et al., 2017) . However, reports on long-term outcomes are limited and inconsistent (Knoll, 2007; Chung et al., 2011) . Although objective clinical surgical outcomes are essential when assessing treatment success, the patient-reported ones are recognized as the most important outcomes, particularly for therapies whose major goal is quality of life (Fayers et al., 1997) . It is important to note that more than half of men with PD overestimate their PC, and patient-reported data have allowed to correlate PC severity with psychosocial and sexual issues (Bacal et al., 2009) . Objective measures fail in this setting. Focusing on the perspective of patients, our study aims to evaluate long-term patient-reported outcomes, satisfaction, as well as predictors of dissatisfaction, after PLP with Surgisis â ES graft for PD treatment.
MATERIAL AND METHODS
This prospective study included 32 Caucasian patients affected by stable PD with severe or complex penile deformity, without ED or with ED responsive to oral medical therapy, who were submitted to PLP with Surgisis â ES graft in our institution and by the same surgical team, between January 2011 and December 2014. All patients were submitted to a standardized evaluation protocol that comprised medical history and physical examination, including stretched penile length. Penile Duplex Doppler Ultrasound (PDDU) examination after intracavernosal administration of commercial Prostaglandin E1 (Caverject â ) was performed to quantify penile curvature and assess erectile function. This study was approved by a local ethical committee, and signed informed consent was obtained from all patients for the inclusion of their data. Concerning surgical technique, the penile shaft was adequately exposed through subcoronal incision with complete degloving of the shaft. The Buck's fascia dissection was initiated by two longitudinal para-urethral incisions. An artificial saline erection was induced, and penile curvature axis was noted. The neurovascular bundle was mobilized. After penile clamping with a rubber band, a H-type plaque incision was performed as deemed necessary by the surgical team. A Surgisis â ES graft was used to cover the tunic defect with at least an extra 20% of the plaque incision defect length and width. The graft was sutured with a polydioxanone (Ethicon â , Piscataway, NJ, USA). Residual curvature was assessed with an additional artificial saline erection after Buck's fascia closure. A compressive dressing was applied to the shaft during 48 h. Peri-operative complications, tunica albuginea's defect length, width, area, and surgery time were all recorded. Postoperative rehabilitation with penile massage and contralateral bending for at least 30 min daily was started four weeks after surgery. All patients were asked to complete the abridged 5-item validated version of International Index of Erectile Function (IIEF-5) before the surgery (Pechorro et al., 2011) . After PLP with Surgisis â ES graft, regular clinical evaluation was performed at 3, 6, and 12 months, and yearly thereafter. After the third-year follow-up, IIEF-5 plus a modified Erectile Dysfunction Inventory of Treatment Satisfaction (EDITS, Appendix A) (Althof et al., 1999) and an additional non-validated questionnaire of three questions were completed (Appendix A.3). Based on the IIEF-5 score (range from 5 to 25), ED and clinically significant ED were considered with a score of 21 or less and 17 or less, respectively. Patient-reported long-term surgical outcomes and complications were assessed through the non-validated questionnaire (Appendix A.1), while treatment satisfaction was evaluated based on the non-validated backward-and-forward translation of a modified EDITS, questions 3-6 and 9-11 were excluded, as they are not useful to evaluate surgical treatment of PD [21] . An EDITS score of 50 or more was considered as the cut-off for satisfaction. All data collected were subjected to the statistical analysis performed using SPSS â version 24.0 for Windows â (IBM, Armonk, NY, USA). All continuous variables with normal distribution are expressed in mean and standard deviation. The differences between groups were evaluated by unpaired Student's t-test. Multivariate linear regression and Pearson correlation were computed based on pairs with non-missing data. Statistical significance was considered at a p-level inferior to 0.05.
RESULTS
The baseline characteristics of the study population are described in Table 1 , and penile curvature parameters and perioperative data are summarized in Table 2 . Before surgery, six patients presented ED responsive to oral medical therapy. The most frequent anatomical location of PC was in the middle third of the dorsal region of the penis, with an angulation of 60-to-90 degrees. Concerning the surgical procedure, the mean area of tunical defect covered was 15.9 AE 6.9 cm 2 , and there were no intra-operative complications registered. The mean follow-up time was 49.6 AE 12.7 months, and, at the last follow-up visit, there was a significant increase in stretched penile length (p = 0.01).
Postoperative erectile function as assessed by the IIEF-5 was positively correlated with overall satisfaction evaluated by the modified EDITS score (p = 0.01) ( Table 3) . A secondary subgroup analysis was performed in patients without ED at baseline (n = 26) to determine baseline predictors for postoperative ED 910 Andrology, 2018, 6, 909-915 (Table 4) . Tunical defect area was negatively correlated with postoperative IIEF-5 score (R = À0.56, p < 0.001). A tunical defect area equal or higher than 14.375 cm 2 can predict postoperative ED with 76.9% sensibility and 58.3% specificity. Moreover, a tunical defect area of 21.875 cm 2 can predict clinically significant ED with 80% sensibility and 95.2% specificity. No differences were found in postoperative erectile function and overall treatment satisfaction between patients with or without preoperative ED (Table 5 ). More information regarding longterm patient reported outcomes can be found in appendix B and C.
DISCUSSION
The four-layered porcine SIS graft has successful outcomes in PLP grafting for the treatment of PD, particularly at short and medium term. Although there are several well-described postoperative outcomes, such as residual curvature, curvature recurrence, penile shortening, palpation of surgical knots, diminished penile sensibility, and development or aggravation of ED, that limit treatment satisfaction reported by the patient, in this longterm setting these reports are scarce and inconsistent (Knoll, 2007; Chung et al., 2011) .
The present prospective study reports the long-term outcomes of patients with severe or complex penile deformity submitted to PC correction with PLP with Surgisis â ES graft. As far as we know, this study has the longest mean follow-up time noted for Surgisis â ES graft used in surgical treatment of PD. Herein is clearly shown that PLP with this particular graft has long-term durable results with 75% of our patients reporting the absence of curvature recurrence correction. It also shows a high overall long-term satisfaction with this procedure, as 87.5% of patients claimed to be more satisfied with their sexual life after the surgery and almost all patients (90.6%) would repeat and recommend this surgery.
The most frequent patient-reported postoperative outcomes were decreased penile length (65.6% of cases) and diminished penile rigidity (56.3% of cases). However, when patients were clinical and objectively evaluated in the last follow-up visit, a mean increase in stretched penile length of 0.69 cm was verified when compared with the mean value before the procedure. This is probably a result of penile shortening due to PD previous to surgery and patient recollection of pre-disease state rather than objective penile diminution in consequence of the surgery. Despite 53.8% of patients reporting the presence of ED after PLP, only two cases were not responsive to oral medical therapy, and when stratified in accordance with IIEF-5 score, most of them reported mild ED (64.2%). Although our previous study concerning short-term patient-reported outcomes, the prevalence of ED was smaller (37.5% vs. 53.8%), direct comparisons and conclusions cannot be drawn not only due to the sample size but mainly due to the time of follow-up (18 vs. 40 months) (Valente et al., 2017) . Furthermore, in any case, other ED risk factors cannot be neglected.
In this study, we show that the postoperative outcome that most impair the patient-reported overall satisfaction with treatment was the decreased penile rigidity (p = 0.010), although a tendency between the modified EDITS score and overall satisfaction with decreased penile length (p = 0.080) was also verified.
Interestingly, within the patients who developed ED after surgery, no associations were found between ED manifestation and its related risk factors, as diabetes and age (p = 0.160 and p = 0.200, respectively), but between tunical defect length, width, and consequently area (p = 0.010, p = 0.020 and p < 0.001, respectively). Tunical defect area (TDA), but an important negative correlation between TDA and IIEF-5 score, was found (R = À0.56, p < 0.001), which may explain the dissimilarities observed in postoperative IIEF-5 score. Statistically, a TDA equal or greater than 14.4 cm 2 can predict postoperative ED with 76.9% sensibility and 58.3% specificity, while when that is equal or greater than 18.8 cm 2 , the sensitivity diminishes to 46.2%, but specificity augments to 75% (Fig. 1) . We believe that a larger TDA, which implies a bigger dissection of tunica albuginea, may impair the veno-occlusive mechanism and therefore be responsible for ED in these patients. We also hypothesize that firm adherence to geometrical principles such as Egydio (Egydio et al., 2004) might diminish tunical defect area and perhaps prevent postoperative ED. Furthermore, TDA excels as a predictor of clinically significant postoperative ED (Fig. 2) as a cut-off of 21.9 cm 2 is able to predict a positive outcome with 80% sensibility and 95.2% specificity. The current literature mentions that risk factors for ED after penile lengthening procedures with graft include age superior to 60 years old, previous ED, patients who require large grafts, or those with ventral curvature (Hatzimouratidis et al., 2012) . While the claim of preoperative ED is well documented, the only study to sustain 'large graft' is a small study dating back to 2001 with 912 Andrology, 2018, 6, 909-915 only 11 patients, that report that 'plaque size >4 9 5 cm were more likely to have veno-occlusive dysfunction, necessitating further interventions' without any statistical support (Leungwattanakij et al., 2001 ). More recently, Taylor et al. studied the predictor factors of postoperative ED in PLP encompassing 115 patients, but they did not observe differences in graft area when compared patients with and without ED after the procedure (22 vs. 21 cm 2 , p = 0.560) (Taylor et al., 2012) . Unlike ours, in this study, it was performed using a processed pericardial graft. However, two important considerations should be noted: First, pericardial graft area was larger than that observed by us, and second, previous ED was not considered in the analysis. To our knowledge, our study is the first regarding postoperative ED predictors in PLP with Surgisis â ES graft.
Despite our interesting findings, some limitations must be acknowledged, such as the lack of standardized translated questionnaires and the absence of objective assessment of erectile function. Concerning the former, unfortunately, a validated PD questionnaire was not available at the start of this prospective study and is yet to be translated. Moreover, the original EDITS questionnaire was modified, and, as is standard in other studies in this subject, some questions were excluded. Concerning erectile function evaluation, a validated translated version of the IIEF5 was chosen. The relatively small population herein included may not be a major limitation considering the followup time, but above of all the fact that PD with a severe curvature needing a PLP is a not so frequent pathology, as shown in other studies on this subject with equal-sized populations. Until now, to our knowledge, our study is the only prospective study concerning patient-reported overall satisfaction and prediction factors of ED after PLP with Surgisis â ES graft, demonstrating a strong association between TDA and IIEF-5 score. It further adds three cut-off points that may be useful in clinical practice, helping classify patients with low or high risk of postoperative ED (TDA ≤ 14.4 cm 2 and TDA ≥ 18.8 cm 2 , respectively) and at risk for clinically significant postoperative ED (TDA ≥ 21.9 cm 2 ).
CONCLUSIONS
PD is a troublesome condition whose gold standard therapy is yet to be found. PLP procedures using a Surgisis â ES graft is a valuable surgical option for the treatment of PD with severe or complex penile deformity in patients with adequate erectile function. Although it results in persistent curvature correction and high rates of long-term patient-reported overall satisfaction, possible outcomes such as curvature recurrence, penile shortening, gland hypoesthesia, and postoperative ED must be acknowledged. Taking into account ED as a condition that strongly impairs the quality of life of men, and tunical defect area as a strong predictor factor for ED after PLP with Surgisis â ES graft, this objective parameter should be considered in clinical practice to classify patients with low or high risk of postoperative ED. 
